Introduction
Student discussion has been identified as a key ingredient in overall student learning (Flynn & Klein 2001; Safari et al 2006) . However, in many classrooms, there is little to no discussion between teachers and students or among students themselves. This may result from high student-teacher ratios, or from the chosen pedagogy of the instructor.
A variety of ideas to increase class discussion have been proposed over time. A number of these ideas have been shown to increase student learning (Freeman et al 2014 for a recent meta-analysis). This paper attempts to analyze student discussion from a human evolutionary standpoint. Such a view may add new insights into how discussion can be effectively used in the classroom.
While looking at discussion from such an evolutionary view, several key questions arise: how and why did humans utilize discussion in the past? What are "natural conditions" for human discussion? How can these ideas help increase the use and effectiveness of discussion within an educational framework? This paper hopes to answer these questions and expound upon the evolutionary origins of productive discussion.
The origins of discussion
Discussion uses human language for communicating information. Though the origin of language is difficult to detect, it is estimated that humans have been using language for at least 100,000 years (Tattersall 2009 ). During this time, humans existed in small, nomadic hunter-gatherer bands, which date back for millions of years (Pritchard 2010) . As such, discussion then would have taken place under these conditions of a small group, with mixed-age kin and non-kin adults and children (Hill et al 2011) .
Discussion can be used for many purposes -social bonding, gossip, group decision-making, etc. The focus of discussion ofthis paper is, on its educational value, -i.e. how can discussion facilitate the understanding of intellectual ideas. The true value of intellectual discussion arises when there is debate -when differing viewpoints are presented and contested. In other words, if everyone agreemes on an issue, there is little need for group discussion. The potential value of discussion is the greatest when there are differing opinions.
Discussion within a group should also be more valued and necessary when there are shared outcomes. If a Person A wants some apples and a Person B wants some oranges, there is no need for discussion if they are acting independently. But if a Person A and a Person B must jointly decide on obtaining either apples or oranges, discussion and argumentation may be the natural consequence.
The idea that group decision-making prompts argumentation and discussion has been proposed as the "argumentative theory of reasoning" (Mercier & Sperber 2011) . The theory proposes that human reasoning developed as a tool to present and evaluate arguments within a group context. Recent research to support this theory includes evidence that argumentation is universal across cultures (Mercier 2011) , and experimental evidence that young children are particularly sensitive to arguments (Bernard, Mercier, & Clément 2012) . Group reasoning has been found to be much more effective than individual reasoning across several domains (Trouche, Sander, & Mercier 2014) . Overall, this evidence suggests that argumentation within a group context may have evolutionary underpinnings.
The decision-making process of modern hunter-gatherer bands is related to this.. Existing hunter-gatherer bands have been found to be egalitarian in general, and democratic in their decision-making processes (Glassman 1986 ). The value of reasonable arguments would be very high under these circumstances, where logical persuasion, as opposed to force, would be the tool of choice. Furthermore, there is additional research on "collective rationality", with evidence showing that group members are sensitive to rational arguments (Moshman & Geil 1998) .
As mentioned above, discussion should be the most valuable when there are contrasting opinions. Given the presentation of differing arguments, it has been found that often "truth wins", meaning the most logical argument is likely to be accepted by the group (Laughlin & Ellis 1986) . Conversely, individual reasoning is often flawed and exhibits a confirmation bias (Jones & Sugden 2001) .
Overall, this research paints a picture of how and why discussion was potentially used throughout human history. Intellectual discussion was valuable or necessary when the matter was a group decision (where to move camp, if someone violated the rules, etc). Discussion and argumentation were the natural result when they were differing points of view within egalitarian, democratic, hunter-gatherer bands. Group reasoning can lead to more efficient outcomes as compared to individual reasoning due to the comparison of contrasting individual arguments.
Educational Theory
While the preceding discussion has been evolutionary based, there has been research within the educational field that has focused on similar themes. Educational research has developed several parallel lines of evidence showing the effectiveness of argumentation, collaborative learning, and democracy towards increasing student learning.
There is a large body of working showing that argumentation can increase the level of scientific thinking in students (Osbourne 2010). Dialogical argument has been shown to increase higher-order thinking skills (Kuhn & Crowell 2011) . Argumentation has also been shown to improve student engagement with the material (Nussbaum & Sinatra 2003) .
Collaborative learning has a long history in education at all levels (Bruffee 1984) . A recent meta-analysis shows the overall effectiveness of collaborative learning (Kyndt et al 2013) . Some forms of collaborative learning appear to have little effect, showing the importance of how these collaborative situations are structured (Prince 2004) The use of democracy has also been shown to increase student engagement (Nagda, Gurin, & Lopez 2003) . Democratic practices have been shown to improve student learning and student attitudes in the classroom (Richter & Tjosvold 1980) . Democratic learning communities have also been shown to improve civic engagement (Finley 2011) .
If these ideas from educational theory were synthesized with an evolutionary point of view, better models of student learning may be created. For example, collaborative learning "works" (i.e. increases understanding of the material) because it allows students to work together and reach a shared outcome, just as hunter-gatherer bands of the past had to do. Argumentation "works" (i.e. leads to a logical solution) because it allows students to present and evaluate different points of view, just as hunter-gatherer bands did and all cultures across the world still do. Democracy "works" (i.e. increases student engagement) because it replicates the egalitarian nature of hunter-gatherer groups, where each individual point of view carried equal weight. Evolutionary theory gives these educational ideas a biological foundation, as opposed to context-free ideas that produce classroom success. By looking at these educational ideas from an evolutionary lens, they can potentially be refined and improved. Other research has already looked at the intersection of evolutionary thought and education for academic instruction and other student outcomes (Geary 2000) .
Educational Implications
When looking at discussion from an evolutionary viewpoint, one can see the natural conditions that will encourage discussion to develop. These ideas can be applied to the classroom in order to maximize the potential of discussion in student learning.
In short, there are 5 main features derived from evolutionary theory that can generate productive student discussion:
1. The student outcomes must be shared. If John thinks the answer is A, and Joan thinks the answer is B, the two students may or may not discuss their differences if they are being individually assessed. They may both exhibit the confirmation bias and believe that their individual answers are correct. However, if they must both agree on an answer, discussion and argumentation will be a natural product. In short, this means students should be in groups or in teams where they must submit one unified answer.
2. All students should have an equal say in a group's decision. The effectiveness of group decision-making depends on the presentation of different arguments. In egalitarian and democratic situations, each person's view is equally valued. In any team or group, there must be mechanisms that allow the power to be dispersed among the group (i.e. one vote each) to prevent a forceful minority from silencing the arguments of others.
3. Groups should be heterogeneous. If all members of a group are similar in their characteristics, culture, etc., there can be the possibility of "group think". Diversity of individual members within a group will bring about different points of view, and allow the group decision-making process to function more efficiently. A group of only like-minded individuals can bring about polarization (McCarty et al 1992; Sunstein 2002) .
4. Group members must be accountable. In a hunter-gatherer band, there was general continuity among its members, and hence there were incentives for social accountability to facilitate day-to-day living (Barceló et al 2014) . In an educational setting, class groups will only last a short while and may meet infrequently. Therefore, care must be taken to make sure there is still some level of individual accountability in any group. 5. The issue or problem must be complex enough to merit discussion A simple matter or problem that a person could solve on their own would not normally merit discussion. Complex situations that can be viewed in different ways would promote and usually benefit from discussion. Problems or situations that are ill-defined would also benefit more from discussion. These five principles, based upon evolutionary theory, can guide educational theory as to how best create the conditions that maximize the quality of student discussion. They are, in essence, a general framework that can predict how much discussion a teaching technique or environment will create.
These principles are similar to those described by Mercier et al (2017) . The authors list a number of factors that should improve reasoning and discussion via evolutionary links. These are 1) Groups must exhibit trust and respect among the members 2) Groups must allow for lengthy arguments and free discussion, and 3) Group sizes should be kept small.
Common Teaching Techniques
It may be of interest then to look at some common teaching practices and analyze how much student discussion each technique generates. What follows is an analysis of four popular teaching techniques and predictions as to how much student discussion they will generate.
1. Call-and-response during a lecture Instructors often call on students during a lecture to answer questions or solve problems. This technique will likely generate only minimal discussion. A student is generally answering alone and has no shared outcome from which to contribute. Typically all or most of the course grade is individual. None of the principles for generating student discussion are met.
2. Informal group work Techniques such as think-pair-share or informal groups may facilitate some student discussion. However, groups/pairs are generally temporary, lessening the need to be accountable. Though there may be a shared outcome (present a joint answer), it is not clear if this outcome has any individual consequences. There is also no guarantee that random groups, or especially pairs, would be heterogeneous.
3. Peer Instruction Peer Instruction was developed by Eric Mazur as a way to facilitate physics understanding (Mazur 1997) . The technique involves student discussion revolving around "clicker" questions presented in class. This technique greatly increases student discussion as compared to a lecture class and has been shown to increase student learning (Crouch & Mazur 2001) .
While this technique may generate student discussion, the lack of shared outcomes may lessen motivation. If students are being individual graded on clicker questions and exams, instructors may have to prod some students into discussion. Students may sit next to friends in class, lessening the likelihood that there are diverse points of view in the student discussion.
Team-based Learning
This technique should generate a large amount of quality student discussion, depending on how it is structured. Teams can be created in such a way that they are heterogeneous. Team grading will create a shared outcome. Individuals can be held accountable through peer reviews, and perhaps through permanent teams. Potential continuity problems may arise with members who "drop out" or in situation where a group wants to "fire" a member.
Conclusion
Discussion appears to have played a key role in human evolution. A historic analysis shows the conditions that led to argumentation and discussion within hunter-gatherer bands. The presence of shared group outcomes led to argumentation and debate within these groups. The egalitarian and democratic nature of the bands created conditions that favored logical arguments.
Along parallel lines, the education literature has shown the value of collaborative learning, argumentation, and democracy as ways to increase student learning. A large body of empirical evidence supports these techniques as being effective. By nesting these ideas in an evolutionary framework, the advantages and disadvantages become clearer.
By duplicating the evolutionary conditions that naturally favor discussion, instructors may be able to maximize the amount and quality of student discussion. Predictions can also be made as to level of discussion a teaching technique may generate. Teaching techniques that focus on individual assessment and individual grading will likely generate little discussion. Techniques that are group or team-based with shared grading are likely to generate a greater quantity and quality of student discussion. Replicating the conditions of group decision-making from our evolutionary past may increase student learning and engagement in the classroom.
In conclusion, human discussion evolved for specific purposes in our evolutionary past. Creating conditions similar to this past environment may generate improved discussion and reasoning. By applying these conditions within an educational framework, instructors may be able to create high-quality discussion and improved student outcomes.
